INTRODUCTION {#s1}
============

Human postural movement is controlled by multi-sensory inputs from visual, vestibular, and somatic sensory systems. In the standing position, healthy adults reduce the range of motion of their center of mass (COM) by reflexively contracting the tibialis anterior, soleus, and gastrocnemius muscles. This contraction reduces movement at the ankles, resulting in a lower amplitude and higher frequency postural sway[@r1]^)^. These postural controls vary linearly with height and are more pronounced in the anteroposterior than mediolateral directions[@r2]^)^. They are associated with enhanced soleus tendon reflexes but not with changes in cortical sensory or motor evoked potentials. When standing at heights, people also experience autonomic activation, greater fear of falling, and altered cognitive appraisals about their postural control.

Among the sensory inputs for postural control, visual acuity is reported to reduce the postural sway by limiting the external elements for a fall[@r3]^)^. The plantar flexors and dorsiflexors interact with each other in opposition as agonists and antagonists to reduce the postural sway and are effective in stabilizing posture[@r4]^)^. Additionally, changes in somatic sensory input due to muscle fatigue are reported to cause deficits of neuromuscular and postural control[@r5]^)^. Prior studies have explained the relationship between fatigue and altered neuromuscular control; muscles affected by fatigue send input signals with a reduced transmission rate so that decreased output signals limit the formation of effective actions[@r6]^)^. Application of transcutaneous electrical neuromuscular stimulation (TENS) improves postural instability and ameliorates muscle power reduction caused by muscle fatigue[@r7]^)^.

Many previous studies have analyzed the dorsiflexors and plantar flexors as muscles with tremendously important roles in walking, with agonist and antagonist functions, but differences caused by the presence or absence of visual input are inadequately evaluated. Prior studies have applied TENS mostly to the thigh muscles, and almost no studies have compared TENS applications to other lower extremity muscles. Therefore, this study aims to ascertain differences in postural sway, according to the presence or absence of visual input, with the application of TENS to the dorsiflexor and plantar flexor muscles.

SUBJECTS AND METHODS {#s2}
====================

A cross-sectional, single-blinded, one group repeated measures study was performed. The project was approved by the University of Sun Moon Research Ethics Review Committee (SM-201410-029-2, 24 November 2014), and the study protocol was conducted in strict accordance with the Declaration of Helsinki. Written informed consent was obtained from each participant. Study participants were selected from healthy adult men and women who agreed to participate after an advance survey. There were a total of 19 participants including 10 males and 9 females (mean age 21±0.8 years). The mean height was 167±9.70 cm, and mean weight was 60.40±11.70 kg. In the study, measurements were performed in one group for a total of three days. On the first day, to cause leg fatigue, participants were asked to flex and extend the foot 40 times, and the postural sway was measured using TETRAX (Sunlight Co. Ltd, Israel)[@r8]^)^. Measurements were performed with eyes open (EO) for 32 seconds, and later, the measurements were repeated with eyes closed (EC). After the experiment on the first day, the participants rested for the remainder of the day to avoid any influence on subsequent experiments. On the second day, after performing fatigue-inducing movements as mentioned above, TENS (STT-500, Stratek, Korea) was applied with a frequency of 100 Hz and current of 8.4 mA to the tibialis anterior for 30 minutes during standing. After the application of TENS, the postural control was measured using TETRAX. On the third and final day of the study, after performing fatigue-causing movements during the same time period, TENS was applied with the same frequency and intensity to the gastrocnemius, and the postural sway was measured. Following this, the weight distribution index (WDI) value was obtained. All measurement values were statistically processed using SPSS 18.0 for Windows. Measurements were obtained at baseline and following TENS application to the dorsiflexor and plantar flexor muscles in the standing posture, for with and without visual input conditions, and differences between the measurements were compared. One-way repeated ANOVA was used for analysis, and the Bonferroni method was employed as a post-hoc test for differences between the variables. The statistical significance level for all analyses was set as a p value \<0.05.

RESULTS {#s3}
=======

[Table 1](#tbl_001){ref-type="table"}Table 1.Changes in the weight distribution index after each application of transcutaneous electrical stimulation following exercise-induced fatigueBaselineTibialis anteriorGastrocnemiusNormalEyes open5.9±2.44.2±1.7^\*^10.0±1.7Eyes closed5.8±2.24.2±2.0^\*^4.6±1.7PillowEyes open5.8±2.74.6±1.53.4±1.7^\#^Eyes closed5.3±2.14.2±2.03.6±2.0^\#^All variables are presented as mean±SD. Tibialis anterior: application of TENS on tibialis anterior, gastrocnemius: application of TENS on gastrocnemius, ^\*^ indicates a significant difference between baseline and tibialis anterior (p\<0.05). ^\#^ indicates a significant difference between baseline and gastrocnemius (p\<0.05) shows the change in WDI after each application of TENS following exercise-induced fatigue. On level ground, with and without visual input, there was a significant difference between baseline values and those following TENS on the tibialis anterior (p\<0.05). In the pillow condition (simulating uneven ground), with and without visual input, there was a significant difference between baseline values and those following TENS on the gastrocnemius (p\<0.05).

DISCUSSION {#s4}
==========

Many previous studies have examined the role of the tibialis anterior as a dorsiflexor. Ebig et al. studied plantar flexor fatigue following movements of the peroneal and tibialis anterior muscles in healthy adult subjects and reported no significant differences in the postural sway after exercise[@r9]^)^. Additionally, according to Tilp et al., changes in the aponeurosis length between concentric and eccentric contraction of the tibialis anterior showed no significant difference between groups[@r10]^)^. The tibialis anterior is one of most important muscles in postural control during standing, and these results are thought to represent the normal condition, regardless of the eyes open or closed state. The tibialis anterior may be adequate to maintain postural control on its own on level ground as gastrocnemius activity is significantly less.

However, the gastrocnemius is more active than the tibialis anterior on unstable ground as indicated by the pillow condition in our study result. There are several reasons for the TENS application on the gastrocnemius to be more effective in reducing the postural sway. First, there are more motor nerve cells and movement units present as the gastrocnemius muscle is larger[@r11]^)^. Second, the main supporting muscles when a person stands for a long time are reported to be the plantar flexors[@r12]^)^. In addition, the plantar flexors include the soleus, and the gastrocnemius is reported to control movement by becoming active first when the erect standing posture is maintained[@r4]^)^. Therefore, if the patient is on a flat surface for a short period of time, it will be necessary to apply TENS to the tibialis anterior. If walking training is performed on a variable or uneven terrain for a long period of time, TENS should be applied to the gastrocnemius. TENS is expected to be helpful in improving postural control by reducing muscle fatigue. Moreover, improved postural control during walking could help prevent falls. Future studies on various measures to reduce postural sway are required.
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